Study design Systematic review. Objective To search and analyse randomised controlled trials (RCTs) published since the Cochrane review by Gibson and Waddell (2007) Results Four RCTs were identified. None of the studies found a significant difference in the ODI scores between study groups at any time point. Three studies compared MED to OD and one compared OD, MD, and MED. The largest study reported an increased number of severe complications in the MED group. Conclusions There is some evidence to suggest that MED performed by surgeons skilled in the technique in tertiary referral centres is as effective as OD.
Introduction
Sciatica describes the symptoms of leg pain and occasionally neurological disturbance in the dermatome of the affected nerve root. It is caused by nerve root compression or irritation and over 90 % of cases are due to lumbar disc herniation [1] . The symptoms of sciatica can be disabling and around 30 % of patients will still report symptoms beyond 1 year [2] .
Conservative treatment including physiotherapy, hydrotherapy, and analgesia are routinely used for sciatica caused by lumbar disc herniation. Operative options include chemonucleolysis, open discectomy (OD), microdiscectomy (MD), and microendoscopic discectomy (MED).
Open discectomy was shown to be more effective at reducing symptoms than chemonucleolysis or non-operative treatment in carefully selected patients [3] . In 2007, a Cochrane review on surgical interventions for lumbar disc prolapse concluded that there was considerable evidence that OD was effective in reducing symptoms in the short term [4] . It also noted that there was moderate evidence that MD was as effective as OD [4] . The indications for discectomy are lumbar disc herniation causing sciatica symptoms and a failed course of conservative treatment [3, 4] . Microendoscopic discectomy was first described in 1997 as a minimally invasive transmuscular approach using advanced optics [5] . The perceived benefits are minimal muscle and soft tissue damage with excellent visualisation, combining the benefits of MD and OD, respectively. This may mean that patients have a faster postoperative recovery and better functional outcomes; however, MED is more expensive, has a long learning curve and is more technically demanding than OD or MD. The updated Cochrane review (2007) found only one small randomised controlled trial (RCT) of 22 patients, concluding that the role of MED is uncertain [4] .
Our aim was to search and analyse RCTs comparing MED with OD or MD to assess whether MED improves patient reported outcomes.
Methods

Eligibility criteria
Published RCT, written in the English language with the following criteria were eligible: Participants 
Search strategy
The search strategy was developed using the eligibility criteria with the aim of maximising sensitivity. Search terms were mapped to subject headings to ensure relevant subject headings were used and these were exploded. Keywords were used and if multiple suffixes were possible, the words were truncated with a '*' to maximise the sensitivity of the search. Medline, Cochrane Central Register of Controlled Trials and Embase were searched using the Ovid interface ( Table 1 ). The searches were restricted to humans and studies in the English language. All references of eligible studies were reviewed for further studies that met the eligibility criteria.
Selection and appraisal method
The results of the searches in Medline, Cochrane Central Register of Controlled Trials and Embase were transferred into endnote in order to remove duplicates and systematically view titles and abstracts. Two authors separately reviewed the studies for eligibility by their title, followed by their abstract, and then the full paper if it was still not excluded. Any papers with inclusion conflicts were then reviewed together.
Studies that met the eligibility criteria and were included for review were first assessed using the titles participants, intervention, comparator, outcome measure (PICO), results, and conclusion for easy comparison between studies (Table 2) [7] . Each study was then assessed using the CONSORT questionnaire (Table 3 ) [8] .
Results
Results of the search
On Sunday 12th September 2012, the databases of Medline, Cochrane Central Register of Controlled Trials and Embase were searched. Once duplicates were removed there were 109 unique references. Nine studies were left following review of the title and abstracts. Four studies were excluded as they did not randomise participants [9] [10] [11] [12] , one study did not have an appropriate intervention group [13] and one study included participants that were having revision surgery [14] . A total of four studies met the eligibility criteria and were included in this systematic review [15] [16] [17] . The studies are summarised in Table 2. Huang et al. [6] This RCT compared MED to OD, taking a particular interest in serum inflammatory markers as a metric for operative stress. They also reported the visual analogue scale (VAS) and MacNab score. This small study of 22 patients remarked on a significantly reduced operative stress in the MED group as evidenced by a significantly lower serum C-reactive protein postoperatively. In line with the other studies included in this review the MED group had a longer operative time but smaller incision size and less operative blood loss.
This study failed to show a difference in VAS postoperatively and MacNab score. The authors conclude that MED is favourable as it appeared to reduce 'surgical stresses' to the patient compared with OD [6] .
Righesso et al. [15] This RCT compared OD to MED in patients with sciatica caused by lumbar disc herniation, failing to respond to a minimum of 4 weeks conservative management. Multiple outcomes were measured, including the Oswestry disability index (ODI), although no outcome measure was formally identified. There were 40 patients that took part in the trial. No significant differences in ODI scores were found at any time point and mean return to work and normal activities was 21 days in both groups. Other parameters considered in this study include VAS, incision size and operative blood loss. This study also found MED to be a longer procedure, and also showed that the VAS for the MED group were significantly higher 12 h postoperatively. The authors conclude that the technical superiority of MED has not been evidenced, but it may speed up recovery time [15] .
Teli et al. [16] This was a well-conducted RCT with three arms (OD, MD, and MED) in patients that had sciatica caused by lumbar disc herniation and had a failed course of at least 6 weeks conservative care. The primary outcome measure was VAS, with ODI being a secondary outcome measure. There were a total of 240 patients in all groups. They found no significant differences in VAS or ODI but differences between the groups in complications. This study additionally noted significantly smaller surgical incision, and a shorter hospital stay for patients randomised to MED. They conclude that MED causes more severe complications and cannot be recommended as routine practice.
Garg et al. [17] This RCT compared OD to MED for patients with sciatica unresponsive to at least 6 weeks conservative treatment. There were 112 patients and although no primary outcome measure was identified, the ODI was assessed. Despite significantly longer operative and anaesthetic times, the patients who received MED had a significantly shorter hospital stay and a smaller amount of intraoperative blood loss. They found no significant differences the ODI or complication rates between groups, concluding that both interventions were equally effective; however, MED should not be attempted without appropriate training.
Discussion
The literature search found four published RCTs. None of the studies found a significant difference in the PROM scores between study groups at any time point. All four studies had significant methodological flaws, which are highlighted by low scoring on the CONSORT questionnaire in Table 3 . It is likely that the studies by Righesso et al. [15] , Huang et al. [6] , and Garg et al. [17] were underpowered and had a high risk of a type II error. In all of these studies, the PROM scores for both MED and OD are similar at all time points. The study by Teli et al. [16] did perform a power calculation based on pilot data and had 240 participants in the trial. The ODI scores at each time point were similar for each group, with relatively small standard deviations. Based on this study, it does appear likely that, in terms of the ODI scores, the interventions have a similar efficacy. If they are not similar, the magnitude of difference is very likely to be small. Teli et al. [16] emphasise the increased risk of severe complications for MED; it is the key point in the title. In this paper the reporting and grouping of complications is selective and potentially misleading. Individually, no complication is significantly more common in any intervention group and the authors have failed to show that complications in general are more common in any group. Also, dural tears that did not require further surgery were not reported. Dural tears in the MED group were repaired with fibrin glue only, whilst in the MD and OD groups they were treated with direct suture and fibrin glue. It is possible that the higher rate of recurrent herniations that had further surgery in the MED group reflected the smaller surgical procedure to address it. Publishing the number of recurrent herniations that did not have further surgery would help to address this concern. Righesso et al. [15] , Huang et al. [6] , and Garg et al. [17] report similar frequency and type of complications in each group.
There are a number of flaws in all the studies that could have introduced systematic error and reduced the robustness of the results. The study by Teli et al. [16] is the most robust and adequately powered. It scores highest on the CONSORT questionnaire in Table 3 but does also have some flaws. All four studies were, however, RCTs providing a reasonable level of evidence to base recommendations on. It is unlikely that there was a large confounding effect in these studies. All three studies produced a table showing that the baseline characteristics of the groups were similar. Randomisation helps to balance confounding factors and the study by Teli et al. [16] would have been the least at risk from unknown confounding factors affecting the results as it had the highest number of participants.
One major consideration is the external validity of the studies. It is difficult to assess the external validity of two of the studies as very little detail is given, for example, on the experience and number of surgeons [15, 17] . In the study by Teli et al. [16] , recruitment was at a tertiary referral centre and surgeons with at least 5 years experience of MED performed the surgery. This makes it more of a study of the efficacy of MED in an 'ideal' environment, reducing the external validity. On the basis of good results in these studies, it is not then possible to extrapolate these results to a non-tertiary hospital or to a surgeon with less experience in MED. This is particularly relevant as it is thought that MED has a long learning curve [18] .
Limitations
Only studies written in the English language were included, potentially biasing the results. Unpublished work was not searched, increasing the already known risk of publication bias. [4] . It did not have enough evidence to draw conclusions on MED, although suggested that it would be worth further study [4] . This systematic review included studies with the participants known to benefit from OD or MD, therefore these studies were able to compare MED to a gold standard intervention. Although there were methodological flaws in all studies, they all showed very similar ODI scores in all groups at all time points. A meta-analysis would help to confirm this, but it is likely that MED is as effective as OD or MD at up to 2 years postoperatively when performed in specialised centres by surgeons experienced in microendoscopic surgery.
Directions for future research
If a further study were to be performed, it may be reasonable to perform a pragmatic study to test the intervention in 'real life' conditions. A multicentre study would increase the external validity of the results compared with studies only assessing the results of experienced surgeons in tertiary referral centres; however, there must be a clear case for performing a future study as there is no indication that MED is superior in the studies already performed in an ideal setting. The perceived benefits of microendoscopic surgery including shorter hospital stay, postoperative pain and time to full recovery should be fully scrutinised and evaluated in the outcome measures of any future studies.
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